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INTRODUCTION
The treatment of end-stage renal disease (ESRD) in the United States consumes over $2.5 billion every year [I] . Currently, diabetes mellitus represents the primary diagnosis for nearly one quarter of all patients on ESRD treatment [2] . In recent years the number of diabetics being accepted onto ESRD treatment programs has been increasing both in the U.S. and throughout Europe [3, 4] .
The European Dialysis and Transplant
Registry reported an increase in the proportion of diabetics accepted from less than 0.5% in 1972 to 7.3% by 1981 [4] . This registry also reported diabetes to be the only primary cause of ESRD which is increasing in all industrialized countries [5] . Knowles has estimated that 50% of the patients with insulin dependent diabetes mellitus will progress to ESRD [6] . Clearly ESRD in diabetics is a major health concern which generates substantial medical costs.
Few previous studies have examined the cost of ESRD treatment for diabetic patients, and there are no studies which have examined the cost of ESRD treatment for diabetic patients by modality adjusting for patient characteristics. Beltzer el al. found that hospital costs for the year after a transplant were $1507 and $2600 higher for diabetics than nondiabetics receiving living-related and cadaveric transplants. respectively [7] . Costs associated with livingrelated transplants were found to be lower than costs associated with cadaver transplants for both diabetics and nondiabetics.
Evans er al. adjusted for case-mix factors and found annual outpatient provider reimbursement to be $1646 lower for diabetics than for nondiabetics, but physician reimbursement, inpatient and total reimbursement were $2868, $5310 and $6532 higher, respectively [8] . Some reimbursement comparisons by modality were made in general by Evans et al., but not specifically for diabetics.
In this study we provide specific information on Medicare allowable charges for treatment of ESRD in diabetics and compare them to charges for treatment in nondiabetics, adjusting for selection and patient characteristics.
We also examine these charges by treatment modality in an attempt to identify those treatment modalities which might be less expensive. If any modalities were found to be less expensive there would be potential for savings in the large expenditures for ESRD treatment in diabetics.
MATERIALS AND METHODS
Data for this study come from the Health Care Financing Administration (HCFA) through the Urban Institute. The sample was derived by requesting data on all ESRD patients in Michigan from 1982-1984 with onset of ESRD from 1981 ESRD from -1983 , as identified by the Michigan Kidney Registry (MKR). The decision rule for admission to the sample was onset of ESRD. The aim, therefore, was to observe the entire population. An observation is defined as having complete information on a patient for a particular year, for however long the patient was alive and had ESRD during that year. There are between one and three obervations for each patient, depending on time of death, year of onset of ESRD, and data availability. However, there are no observations on some patients because of death in 198 1. Using the average rate of death for patients dying in 1982 and 1983 as their first year of ESRD, ony approximately 18 too few patients in sample of 2292 (0.8%) were included in the study. Therefore, e sample is only slightly biased in overreprese f ' ing patients surviving their first year of ESRD., A matching of HCFA and MKR data resulted/ in a sample of 487 annual (calendar year) observations on 243 diabetic patients and 1805 annual observations on 903 nondiabetic patients. This represents a match rate of approximately 62% (1146 out of 1832) between the complete HCFA records and MKR data.
Charges
The HCFA data include charges for medical services from provider billing records, and modality and patient characteristics information from the Patient Management-Medical Information System (PMMIS). Charges are defined as Medicare allowable charges. These charges are the sum of the reimbursement amounts paid by Medicare to providers and the copayments and deductibles paid directly by the patient. Medicare reimbursement amounts account for slightly under 80% of total charges. This measure of charges does not include payments for services not covered by Medicare, such as private duty nurses and transportation to a dialysis center or outpatient facility, It is now known how charges which are not covered by Medicare vary by modality or are different for diabetic and nondiabetic patients. The lack of this information is a potential limitation of this and any other study which uses only Medicare billing data as a measure of charges.
Medicare reimbursements for dialysis treatments and physician services are paid under Part B and are based on predetermined fixed rates which are identical for home and center dialysis. Hospital reimbursement is paid on the basis of diagnosis-related groups (DRGs) which also involve predetermined fixed rates. The extent to which diabetics incur larger levels of charges and reimbursements is, therefore, more closely associated with a greater number of visits to health care providers than to larger payment amounts per visit. Medicare allowable changes do not reflect any increased intensity of treatment due to diabetes, and may, therefore, lead to a conservative estimate of the additional cost of treating ESRD in diabetics.
Modality
The modalities of treatment were defined using the scheme of Smith and Wheeler [9] . This definition of modality is based on annual aggregation of quarterly records of actual treatments received and designed specifically for this type of analysis. Defining modality in this way permits a close correspondence between modality and charges. Alternative definitions of modality, such as initial treatment or primary treatment, may be useful for survival or other analyses, but not for studies which attempt to match charges and treatment. This definition of modality includes the following treatments: the use of single, well-defined dialysis treatments [incenter hemodialysis (CHD), in-center peritoneal dialysis (PERI), and at-home continuous ambulatory peritoneal dialysis (CAPDH)], combinations of dialysis treatments [continuous ambulatory peritoneal dialysis training (CAPDTR), and other combinations of treatments (OTHER)], and transplants from livingrelated donors (LTRAN) and cadaver donors (CTRAN). For some modalities, such as home hemodialysis and the simultaneous or sequential use of CHD and CAPD, there were too few observations on diabetics for separate analysis. These observations (34,7%) were excluded from the analysis. For each observation, again, a complete set of information on a patient in a given year, there is only one modality. For patients receiving multiple forms of treatment, such as OTHER. The selection of a particular modality, while not deterministic, is not completely random. Patients along with their physicians select that modality which is believed to be the most appropriate form of treatment, given their condition, anticipated survival and quality-of-life. No formal criteria have been followed for modality selection, as has been suggested for cancer patients by Simes [lo] and cadaver kidney recipients by Starzl et al. [l l] but the data suggest systematic selection of modalities.
A description of the data for diabetic patients by modality and for the average of nondiabetic patients on all modalities is presented in Table 1 . The distribution of patients by modality is very similar for diabetics and nondiabetics making comparisons of average characteristics between the two groups reasonable.
The diabetic ESRD patients were, on average, nearly the same age as the nondiabetics.
Diabetics were somewhat more likely to be white and female than nondiabetics.
Diabetics also had a higher mortality rate during the study period. Among diabetics the patients were evenly divided between the genders and nearly 30% were black. The type of diabetes (insulin dependent vs noninsulin dependent) was not known for individuals in the present study. For all patients, those receiving transplants were more likely to be younger, white and male than dialysis patients, and successful transplant recipients were less likely to die during the study period.
The other variables, number of months observed in a year (Date), time since onset of ESRD (Time), and a marker for the particular year of the observation (1982, 1984 ) also vary by modality, but their primary importance is in the allocation of charges. This sample appears to have an unusually large number of observations of persons using CAPD training. Although CAPD training typically occurs over a period of days or weeks. there were many observations which listed CAPD training for much longer periods of time. This is due mostly to the unit of modality observation being a quarter. If any training sessions are provided during a quarter then the defined modality for reimbursement on HCFA records is CAPDTR.
Estimation
To adjust for modality selection and differences in patient characteristics, a two-part estimation technique is employed. Failure to account for selection would result in biased estimates of charges by modality [12] . In the first part, a self-selection probit model is estimated for each modality. Individual probit models for the selection of each modality are estimated using patient characteristics (age, sex, race, time since onset of ESRD) as determinants of selection. A potentially important limitation of this study is the lack of additional patient and physician data which might more exactly determine selection. It has been shown that there are patterns of physician treatment recommendations which are independent of the above listed patient characteristics [ 131.
The probit model yields predicted values which are used to construct additional variables, so-called inverse Mill's ratios, for each patient. The results from the first part, essentially, reflect the effects of the patient's characteristics on selection of a modality. In the second part, these ratios are used as covariates along with the other patient characteristics in a multivariate least squares regression of the logarithm of annual charges. Logged charges @re used to avoid the problems associated with extreme values which are frequently encbuntered in health care charge data [14] . Observations of less than $500 for more than one quarter of a year and more than $200,000 are cbnsidered to be gross outliers and are not included in the sample. Inclusion of these outliers, however, only affects the variances of the final results and not the mean values.
Standardized values of patient characteristics for each modality are used in the estimated equations to determine the charges for ESRD treatment by modality. The standardized value for length of time of observation (Date) is 12 months and 1983 for year of observation. This approach is described in general by Maddala [ 151 and terms of specific examples by Lee and Trost [16] .
This approach permits a consistent and asymptotically efficient method of estimated charges. Some limitations in the estimation procedures, however, should be noted. First, having an unequal number of observations per patient indicates a potential lack of efficiency. This was not a problem in this case, as separate equations estimated using aggregated patient data and weighted least squares yielded nearly identical results. We also found that in time-series estimations, patients' past charges were not significant predictors of current charges. These results might not be true in general for other researchers using this method and should always be investigated. Second, for some modalities, such as those involving training or a transition between treatments, for which a patient would usually only be in this state for a short period of time, annualization of charges may lead to deceiving results. Caution must, therefore, be used when comparing estimated charges between steady-state and transitional modalities of treatment. And finally, since charges are estimated in logs, estimated standard deviations are also in logs. Standard deviations are, therefore, log-linear rather than linear and simple confidence intervals do not have the usual meaning.
The statistical analysis was conducted using the Michigan Interactive Data Analysis System (MIDAS), a program capable of handling the probit and multivariate least squares regression analyses required by this two-part technique. Table 2 presents estimates of a full year's charges for ESRD treatment by modality for diabetic and nondiabetic patients holding constant the patient characteristics of diabetic patients. The interpretation of these values is that the charges in each row represent the estimated annualized (12 months) charges assuming that the average age, sex, race, time since onset of ESRD and proportion dying are the same for diabetic and nondiabetic patients. The only factor explaining the difference between the two columns is the presence of diabetes vs some other disease causing ESRD. The differences between rows are not adjusted for patient characteristics.
RESULTS
On average, diabetics have annual charges of $29,671, which are significantly higher ($4695, p < 0.01) than charges for nondiabetics. Although standard deviations do not have their usual meaning in the strict sense, as an approximation for reference, a confidence interval of f 1344 is associated with the additional charges for ESRD treatment of diabetics. This adjusted difference in charges is less than the observed difference in charges due mostly to the higher death rate of diabetics. The death rate of diabetics is much higher than the death rate for nondiabetics, and is associated with diabetes independently as well as with other patient characteristics.
The higher death rate of diabetics implies a larger number of "censored" observations (observations of persons for less than a full year) for diabetics than for nondiabetics. Therefore, adjusted charges are relatively higher for diabetics than for nondiabetics. However, deaths are associated with very high medical charges, especially for ESRD patients [17] . The net effect of the adjustment for death rates leads to relatively higher adjusted charges for nondiabetics than for diabetics, and hence the adjusted $4695 difference is less than the observed difference in charges.
Of the total difference in charges between diabetics and nondiabetics, the majority (84.3%) is explained by differences in inpatient hospital charges. Differences in charges by source of charges are presented in Table 3 . Almost all of the remaining difference (14.5%) is explained by differences in charges for physician services and medical supplies. There is only a very small difference in charges for outpatient services. Differences in annual charges among dialysis modalities were not significant, except for OTHER (p < 0.01) and CHD (p < 0.05). Although the differences in average annual charges are quite large for PER1 and CAPDH, the variances were proportionally larger. This insignificance may be partially attributable to the small numbers of observations of diabetic patients on PERI and CAPDH. Charges were actually lower for diabetics using CAPDTR, a modality which is either an initial modality or an intermediate stage between use of CHD or PERI and CAPDH.
Adding charges incurred during training to the charges for CAPDH yields total charges which are similar to those of CHD and PERI.
In both the year of a transplant and after the transplant, charges were higher for diabetics than for nondiabetics.
Charges were signifi- cantly higher for cadaver transplants in the year of a transplant. In the year after a transplant the differences in charges were smaller than the differences in the year of the transplant, and very small for living-related transplants. Differences in transplantation charges between diabetics and nondiabetics are similar in magnitude to differences in dialysis charges, although no two values are exactly the same.
Holding patient characteristics constant and adjusted for the selection of particular dialysis modalities reduced the difference in charges among modalities. These comparative annual charges for selected modalities and diabetics only are presented in Table 4 . The interpretation of these values is that the charges in each column represent the estimated annual charges assuming that the average age, sex, race, time since onset of ESRD and proportion dying are the same. The only factor explaining the difference between two columns is the use of the average patient characteristics of patients using a given modality. Similarly, the only factor explaining the difference between two rows is the use of one modality vs some other modality of treatment. For example, a patient currently using CHD (column 1) would be expected to incur charges of $27,463 when using CHD (row 1), but only $25,879 when using PER1 (row 2).
DISCUSSION
The two questions addressed in this paper are: (1) are diabetic patients with ESRD more expensive to treat than nondiabetic patients; and (2) are there cost differences among treatment modalities that could be used to help control costs. The answers, briefly, are yes and probably no, repectively.
For most treatment modalities, annual charges were higher for diabetics than nondiabetics, but many differences were insignificant. Overall, charges for diabetics were $4695 more per year than charges for nondiabetics. Of these additional charges, the majority were for inpatient services and the remainder for physician services and medical supplies. As suggested above, this observation is partially attributable to Medicare's reimbursement system. While there is no necessary reason for higher charges for hospitalization, physical services and supplies of diabetics to be associated with higher costs for dialysis treatments (the bulk of outpatient charges), there is no clear reason for costs to be nearly identical for diabetics and nondiabetics. It is expected, that the inpatient, physicial and supply charges reflect differences in the complexity and quantity of treatments for ESRD in diabetics which are not reflected in the charges for outpatient services because of the system of reimbursement. The actual difference in resources used to treat diabetics as compared to nondiabetics is probably underestimated by the difference in charges.
For diabetic patients electing dialysis treatments for ESRD, the costs are very similar among modalities, adjusting for patient characteristics and selection. Table 4 suggests that there may be some potential for cost savings by encouraging diabetic patients on CHD or CAPD to use PERI, but the expected savings are statistically insignificant and could be outweighed if there are costs or complications involved with changing modalities. While it appears that PER1 is the cheapest form of treatment, a result which might not be expected, we regretfully do not have any insights to explain this result. There may be individual diabetic patients whose characteristics more closely match those of patients using other modalities which, on average, are less expensive. However, having the average patient using each dialysis modality change modality to one which is, on average,
